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(54) Title: METHOD FOR THE PREPARATION OF PARTICLES 
(57) Abstract 



The invention relates to a method for the prepa- 
ration of particles comprising the following steps: the 
dispersion, with a first supercritical fluid (SCF-D), of 
a substance liquid at least comprising a mixture of a 
substance, of which' particles are. to be prepared, and 
a liquid carrier medium; and the subsequent extrac- 
tion, with another supercritical fluid (SCF-E), after the 
dispersion of the substance liquid, of the liquid car- 
rier medium. An apparatus according to the invention 
comprises a particle formation reactor. (2), the pres- 
sure and temperature of which are controllable; means 
(18, 21) for the delivery of a substance liquid; feeding 
means (22, 17; 12, 6) for two different supercritical 
fluids (SCF-D, SCF-E); a nozzle (17) for dispersing 
the substance liquid; and for feeding of the dispersed 
substance liquid to the particle formation reactor (2). 
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WO 00/56439 

Method for the preparation of particles 



PCT/SEOO/00566 



This invention relates to the preparation of particles and, more specifically, to a new 
method for the preparation and an apparatus therefor. In a further aspect, the 
invention also relates to particles prepared by the method and their use in different 
areas. 

Background of the invention 

Traditionally, particles have been prepared by milling of solids or by crystallisation 
from solutions. 

In later years, however, new methods for the preparation of particles have been 
developed, which methods comprise the precipitation of particles from solutions in 
media consisting of supercritical fluids. The advantages of these newer methods for 
the preparation of particles are several. 

• Because the solution properties of supercritical fluids to a great extent are 
dependent on pressure and temperature, these properties can easily be controlled 
and varied. This means possibilities to precipitate/crystallise a substance with 
different properties as to size, form, and morphology. Furthermore, the 
supercritical fluid may specifically extract impurities in the substance. 

• The method is a continuous process with possibilities to recover solvents and to 
recycle the supercritical medium. Consequently, the process is well suited for 
industrial production. 

• As media for supercritical fluids, environmentally acceptable gases can be used 
e g carbon dioxide. Other suitable gases are nitric oxide, sulphur hexafluoride, 
ethylene, ethane etc. 
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In methods for the preparation of this kind, a solution or dispersion is introduced 
with the actual substance(s), denoted "substance liquid" below, into the supercritical 
medium, wherein the substance(s) is/are precipitated, on one hand, as a 
consequence of decreased solubility properties and, on the other hand, in 
consequence of extraction of the solvent of the substance liquid by the supercritical 
fluid, a so called "gas anti-solvent technique". At present, the method exists in 
different technical designs. One example is the introduction of the substance liquid 
into the supercritical fluid via dispersion, atomisation of the solution in a spray 
nozzle, whereupon the dissolved substance(s) is/are precipitated in the form of 
particles upon contact with the supercritical fluid. 

The dispersion via the spray nozzle is achieved in different ways. One way is to 
apply a pressure gradient over the nozzle, the opening diameter of which is small (J. 
Bleich et al, International Journal of Pharmaceutics 97 (1993) 111-1 17; Yeo et al, 
Biotechnology and Bioengineerine , Vol. 41, 341-346 (1993). Another way is to 
atomise the drops with ultrasound. In these methods, the substance liquid is either 
sprayed into a container already filled with SCF or in a continuous process, wherein 
SCF is continuously introduced into the container via a separate channel. The 
continuous process has a higher production yield. 

Another continuous process is to use a coaxial nozzle, wherein the substance liquid 
is introduced into a channel, whereas the supercritical fluid is introduced into the 
other channel and, thereby, facilitates the dispersion of the substance liquid. In this 
method (SEDS method), the particles are directly formed dining the dispersion, 
because the supercritical fluid is introduced simultaneously with the substance 
liquid. The supercritical fluid (US-5,85 1,453, Mazen et al) achieves both dispersion 
and extraction of solvent from the substance liquid. This method means better 
possibilities to control particle properties such as particle size and form, as the 
dispersion is dependent on the flow rate of the two liquids, and the design of the 
spray nozzle itself. A problem with this technical design of the spray nozzle, 
however, is that the particle formation process is already initiated in the nozzle 



WO 00/56439 - PCT/SEOO/00566 

itself, as the substance liquid is brought in contact with the supercritical fluid. This 
means, for some substances, that the precipitation thereof begins before the 
dispersion of the liquid. In some cases, no particles at all are thereby obtained and, 
in other cases, particjesare obtained but with relanve jyjarg* Hi.m^rc A^ tht?r ' 
problem with this process is that the prema jure^reci pitation o fsu bstance som etimes 

^ocalised r totfieinner walls of the spray nozzhT This le.H. to~a ^ ^» pen to 

change^ffte inner diameter of the nozzle during the process. As a result, the~~ 
par ticle size distribution of the final pr oduct thereby will be broadened leadin_ gjoa_ 
less well-defined product. In som e cases, the precip uationm the spray nozzle can 
lead to a total blockage thereof. ~ 



According to another patent (US-5,874,029, Subramaniam et al 1999), an attempt 
has been made in order to diminish some of the disadvantages of the SEDS method 
mentioned. The inventors thereby used compressed liquid instead of supercritical 
fluids, in order to atomise the substance liquid before the drops formed were 
exposed to the solvent extracting effect from the anti-solvent, in the form of a 
supercritical fluid. These liquids are preferably compressed C0 2 or light gases 
mixed with C0 2 . However, as also is mentioned by the inventors, the anti-solvent 
effect diminishes in the supercritical fluid as it is mixed with these compressed 
gases. There is even a possibility of a non-supercritical state occurring in the 
reaction vessel because of this leading to a reduced capacity in producing particles 
from the substance liquid. Another disadvantage of the preferred use of C0 2 
mentioned as the compressed liquid is that its own extraction capacity may lead to 
precipitation of the particle forming substance already in the nozzle leading to a less 
well defined product as mentioned before. 

WO 9836825 Al (Bradford Particle Design Ltd.) relates to a method and apparatus 
for the formation of particles using a solution or suspension of a substance in a 
liquid and a first and a second supercritical fluid, respectively. According to this 
document, both supercritical fluids are introduced simultaneously in the same fluid 
inlet assembly. However, many types of particles e.g. amorphous particles are 
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difficult to prepare by such a process. A solution to this problem is to add the first 
supercritical fluid in order to disperse a substance liquid and then, in a separate step ? 
to add the second supercritical fluid order to extract the liquid carrier medium. The 
invention constitutes an improvement in preparing many kinds of particles, 
especially particles of amorphous substances such as the particles composed of 
amorphous polymers prepared by the invention. 

Methods using two separately added supercritical fluids are previously known e.g. 
as described in JP 7008202 A (Lion Corporation). However, this method does not 
relate to a dispersion and extraction step for the preparation of particles but to a 
solvent extraction method in order to produce a spice extract. 

Summary of the invention 

Accordingly, there is a need of improved methods for the preparation of 
microparticles and nanoparticles. 

In accordance with this invention, we have solved the problems associated with 
present methods by a new principle for the preparation of particles in supercritical 
fluids. According to this new principle, the substance liquid is sprayed through a 
suitably designed nozzle e g a coaxial spray nozzle together with a supercritical 
fluid, SCF-D (D stands for dispersion) characterised in that it has a very low 
extraction capacity with regard to the solvent for the substance solution. Ideally, this 
SCF-D should lack interactions with the solution. This SCF-D should be chosen in 
order to have minimal interactions with the substance liquid. SCF-D is only added 
in the purpose of increasing the dispersion of the substance liquid that later on, via 
the spray nozzle is sprayed into the reaction container in the form of drops. Not 
until then, the particle formation process starts through extraction of the solvent and 
a reduced solubility of the particle forming substance. The particle forming process 
takes place through the addition of another supercritical fluid, SCF-E (E stands for 
extraction) via a separate addition channel to the reaction container. SCF-E is 



WO 00/56439 5 PCT/SEOO/00566 

characterised in that it has a high extraction capacity with regard to the solvent or 
dispersing agent of the substance liquid. 

One object of the invention is a method for the preparation of particles comprising 
the following steps: 



(i) the dispersion, with a first supercritical fluid (SCF-D) of a substance liquid 
comprising a mixture of, at least, one substance of which particles are to be 
prepared, and a liquid carrier medium; and 

(ii) the subsequent extraction, with another supercritical fluid (SCF-E), after the 
dispersion of the substance liquid, of the liquid carrier medium. 

In particular, the dispersion takes place in a nozzle spraying the dispersed mixture 
into a reaction vessel, the pressure and temperature of which is controlled leading to 
a supercritical state in the reaction vessel. 



It is preferred that the extraction takes place inside the reaction vessel. 

The supercritical medium with extracted solvent is removed continuously from the 
reaction vessel via an outlet system being particularly designed according to the 
invention in order to promote and support the extraction capacity in the process 
The process is continuous and, accordingly, well suited for production of large 
batches. 

According to the invention, the two supercritical fluids have to been chosen starting 
from the criterion that the mixture of the liquids formed in the reaction vessel must 
exist in a supercritical state in order to ensure the extraction capacity of the 
supercritical fluids. This can be achieved with a SCF-D having lower critical 
parameters than those of SCF-E. One example is to use N 2 as SCF-D and C0 2 as 
SCF-E. 
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The use of a supercritical fluid, SCF-D, according to the invention instead of 
compressed gases in order to disperse the liquid is advantageous, since it results in a 
well preserved extraction capacity of the supercritical medium, together with the 
prevention of a too early precipitation of substance in the nozzle. 

5 

Those substances that can be used in order to prepare particles according to the 
invention can be of very different kinds. One example is polymers, amorphous, 
semi-crystalline or crystalline, organic substances, and inorganic substances such as 
metals, oxides, ceramics, salts, or mixtures of these. As a carrier medium for those 

10 substances solvents and dispersion media are suitable, or mixtures of two or more 
solvents and dispersing agents, suitably with a low toxicity. Some non-limiting 
examples are water, lower ketones such as acetone, lower hydrocarbons such as 
hexane, lower alcohols such as methanol, ethanol, isopropanol, ethyl acetate, or 
mixtures thereof. Even chlorinated hydrocarbons can be used but they are not 

15 preferred because of their toxicity. 

It is preferred that the substance(s) is/are synthetical or natural polymers, solid 
organic substances, solid inorganic substances, salts, biomolecules such as proteins 
e g enzymes. The substance(s) is/are preferably bioactive for therapeutic use. 

20 

Another object of the invention is an apparatus for the preparation of particles, 
comprising: 

a particle formation reactor 2, the pressure and temperature of which are 
25 controllable; 

a means 1 8, 2 in order to deliver to the apparatus a substance liquid comprising 

a) at least one substance of which the particles are to be prepared, and 

b) a liquid carrier medium for the substance; 
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a dispersing means 1 7 for the dispersion of the substance liquid and for the feeding 
of the dispersed substance liquid to the particle formation reactor 2; 

a first feeding means 22, 17 for the feeding of a first supercritical fluid (SCF-D), 
with a minimal extraction capacity for the liquid carrier medium, to the dispersing 
means; and 



a second, separately located, feeding means 12, 6 for the delivery into the particle 
formation reactor 2 of a second supercritical fluid (SCF-E) with a maximal 
extraction capacity for the liquid carrier medium, wherein the second supercritical 
liquid is introduced in the particle formation reactor 2 through a separate 
introduction channel. 

Preferably, in the apparatus according to the present invention, the dispersing means 
comprises a nozzle with separate channels for the substance liquid and the first 
supercritical fluid (SCF-D), respectively. It is preferred that the delivery channels 
are designed as a coaxial spray nozzle. It is also preferred that the apparatus 
comprises a first outlet channel placed in the upper part of the reaction vessel and a 
second outlet channel placed in the lower part of the reaction vessel, in particular 
wherein the outlet channels are provided with filters. 

Furthermore, it is preferred that the reaction vessel is a high pressure chamber and is 
provided with a thermostat and a pressure regulator. 

We have prepared particles of different substances, both by the SEDS method, and 
also according to present invention. Particles prepared by the SEDS method showed 
the disadvantages described above, whereas particles prepared according to the 
invention made the production of particles possible with smaller sizes and with 
narrower size distributions. 
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Furthermore, the product yield according to the present invention was higher 
compared to the SEDS method. The problems mentioned with variations of the 
inner diameter of the nozzle during the process could totally be eliminated using the 
invention. 

5 

Another object of the invention is particles prepared by the method as described 
above, comprising one or more pure or mixed substances. Preferably, the particles 
comprise one or more substances incorporated in one or several other substances. In 
particular, the particles comprise substances having activity as pharmaceuticals. 

10 

The invention will now be closer illustrated with a detailed description of examples 
of the preparation of particles of different materials and of a preferred embodiment 
of the apparatus according to the invention. 

15 In the drawings: 

Fig. 1 is a survey view of an apparatus according to the invention; 

Fig. 2 is a SEM photograph of DL-PLG particles prepared by the method according 
20 to the invention; 

Fig. 3 is a SEM photograph of DL-PLA particles prepared by the method according 
to the invention; 

25 Fig. 4 is a SEM photograph of L-PLA particles prepared by the method according to 
the invention; 

Fig. 5 is a SEM photograph of DL-PLG particles with incorporated hydrocortisone, 
prepared by the method according to the invention; 

30 
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Fig. 6 is a SEM photograph of lysozyme particles prepared by the method according 
to the invention; 



Fig. 7 is a SEM photograph of hydrocortisone particles prepared by the method 
according to the invention; 

Fig. 8 is a SEM photograph of DL-PLG particles with incorporated urease, 
prepared by the method according to the invention. 

Detailed description of preferred embodiments 

The main principle for the preparation of particles from chemical substances 
according to the invention comprises the dispersion of a substance liquid in a 
reaction vessel in the presence of a supercritical fluid. The mechanism for the 
formation of particles is that the substance liquid is dispersed in the form of droplets 
being induced by the simultaneous introduction of SCF-D into the vessel e g 
through a coaxial spray nozzle. The nozzle design according to the invention can 
vary but includes all nozzles designed in a manner that SCF-D is introduced into the 
reaction vessel together with the substance liquid which results in the SCF-D flow 
improving the substance liquid dispersion. The substance liquid flow rate and SCF- 
D flow rate and their mutual relationships are important for the particle formation 
and have to be well controlled. The inner diameters of the openings for the 
channels, through which SCF-D and the substance liquid are introduced into the 
reaction vessel, have a great importance for the dispersion and, thereby, the particle 
formation process. The reaction vessel consists of a thermostat-controllable high- 
pressure chamber. When the droplets are sprayed into the reaction vessel, the 
dissolved or the dispersed substance is converted to a solid phase, particles are 
formed by precipitation or by crystallisation. The particle formation takes place by 
extraction of the drop solvent or drop dispersing agent whereby the solvent or 
dispersing agent is dissolved in the SCF-E in the reaction vessel. A contributing 
cause to the particle formation is also the reduced solubility of the substance(s) as a 
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result, on one hand, of the extraction of the solvent or the dispersing agent and, on 
the other hand, of the fact that the solubility of the substance(s) in the supercritical 
medium is much lower than in the original solvent (anti-solvent effect). SCF-E is 
introduced into the reaction vessel through a separate introduction channel. The 
SCF-E flow should be adapted with regard to the volume of the reaction chamber 
and with regard to the substance liquid flow with the intention to achieve an 
adequate high capacity for the extraction process. The particles formed are 
accumulated in the reaction vessel during the continuous process, whereas the 
supercritical medium containing extracted solvent or dispersing agent is removed 
through outlet channels provided with filters. These are designed in order to ensure 
that enough SCF-E is being maintained in the reaction vessel compared to SCF-D 
which makes the extraction capacity during the process as efficient as possible. 
Thereby, the process becomes continuous. After a finished process, the reaction 
vessel is opened and the product is collected. 

Thus, the invention comprises a method according to a new principle for the 
preparation of particles and an apparatus for the preparation of particles. One 
embodiment of an apparatus is shown in Fig. 1 . In this context it should be noted 
that this is only one of several possible designs of the principle comprised by the 
invention. 

Accordingly, an apparatus according to the invention comprises a reactor or a 
reaction vessel 2, wherein the particle formation takes place. The reactor is 
accommodated in an oven 4 with a temperature control unit in order to make 
temperature control and regulation possible inside the reactor. Furthermore, there is 
a means 6 for the delivery of a first supercritical fluid (SCF-E) to the inside of the 
reactor. The supercritical fluid is obtained from a suitable gas being stored in a gas 
bottle 8 placed outside the surrounding oven. The gas from the bottle is cooled in a 
cooler 10 and is fed to the reactor by means of a high-pressure pump 12 via a heat 
exchanger 14 and a pulse damper 16. The pump 12 and the heat exchanger 14 are 
run in order to transfer the gas to a supercritical state. When delivered to the reactor 
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2, the gas exists in a supercritical state. The oven 4 is then run and regulated in 
order to maintain this supercritical state during the operation of the apparatus. 

The apparatus is also provided with a coaxial dispersing nozzle 17. Such nozzles are 
well known per se and mainly comprise an inner and an outer channel surrounding 
the inner channel. A substance liquid is fed through the inner channel from a storage 
bunker 18 situated outside the apparatus. In the outer channel, a supercritical fluid 
(SCF-D) is fed. This supercritical fluid is kept in a gas bottle 20 placed outside the 
apparatus. It is possible to feed the substance liquid in the outer channel and to 
deliver the supercritical fluid through the inner channel but this is not as 
advantageous, because the dispersion becomes better the smaller diameter of the 
channel for the substance liquid. There could also be more than one channel for the 
substance liquid if one desires to deliver different liquids containing different 
substances. 



The apparatus is run in the following manner: 

C0 2 (SCF-E) is fed from the gas bottle 8 to the refrigerating machine 1 0 in order to 
be cooled to a liquid state. After that, it is fed to the high-pressure pump 12. It is 
pumped further with a constant flow from the high-pressure pump to the reaction 
vessel 2 via the heat exchanger 14 and the pulse damper 16. SCF-D is fed from the 
vessel 20 via a thin needle valve that gives a constant SCF-D flow to the heat 
exchanger 24 and is, after that, fed to the coaxial nozzle 17, optionally via a pulse 
damper 19. The substance liquid is fed from the vessel 18 via the high-pressure 
pump 21 through the inner channel of the coaxial nozzle 17. SCF-D disperses the 
substance liquid by pressing it through the nozzle opening inside the high-pressure 
vessel 2. The supercritical medium leaves the high-pressure vessel via two openings 
26, 28 provided with filters placed in the upper and the lower part of the high- 
pressure vessel 2, respectively. The orifices then converge to the outlet channel 30 
and the medium is fed to the back pressure regulator 32. 
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• The coaxial nozzle opening may vary from 0.02 to 2 mm. 

• The pressure difference between the SCF-D vessel 20 and the pressure vessel 2 
is at least 5 bars and preferably higher. 

• The SCF-D flow is sufficiently high in order to achieve a sufficient dispersion of 
the substance liquid in the chosen nozzle, preferably at least 2 standard litres per 
minute (in a supercritical state). 

• The SCF-E (C0 2 ) flow in a liquid state should be high enough in order to 

achieve a sufficient extraction capacity in the chosen pressure vessel, preferably 
at least 10 ml per minute. 

• The liquid flow rate of the substance liquid should be sufficiently low in order to 
ensure a sufficient high solvent extraction to produce well-defined particles. 
This flow rate is dependent on the properties of the dissolved substance, the 
solvent, the extraction properties of the supercritical medium and the volume of 
the reaction vessel. 

• The mutual relationships between the three liquid flows, the volume of the 
reaction vessel, and the opening diameters of the inlet orifices are optimised to 
give particles with desired properties. 

• The reaction chamber is a thermostat-controllable high-pressure vessel, the 
volume of which is sufficiently big to give a sufficient extraction capacity. The 
temperature is controlled in order to give a suitable temperature above or below 
the critical point. 

• The reaction vessel pressure may be kept constant and may be controlled with a 
back pressure regulator. 



As used in this application: 

a) the term "supercritical fluid" (denoted SCF below) refers to the phase state 
(supercritical state) that exists when a liquid is subjected to pressures and 
temperatures above the critical point; 

b) the term "critical point" regarding the temperature i e critical temperature refers 
to that temperature above which a gas cannot be liquefied by pressure alone. The 
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pressure under which a substance may exist as a gas in equilibrium with the 
liquid at the critical temperature is the critical pressure. The critical temperatures 
and pressures of many compounds can e.g. be retrieved from "Handbook of 
Chemistry and Physics", 58 th Ed., Crc Press, Inc.; 

c) the term "extraction capacity" refers to the ability of an extraction medium to 
dissolve another substance or liquid; 

d) the term "lower critical parameters" refers to lower critical temperature and 
lower critical pressure; 

e) the term "substance liquid" referes to a liquid comprising a solution or a 
dispersion containing one or more substances of which one desires to prepare 
particles dissolved or dispersed in a solvent or a dispersing agent, or in a mixture 
of two or more solvents or dispersing agents; 

f) the term "compressed gas" refers to a gas brought to a lower volume and higher 
pressure than it otherwise would have at the same temperature; 

g) the term "SEM photograph" refers to a scanning electron microscope 
photograph; 

h) the term "s.d " refers to standard deviation; 

i) the prefix "L" of a compound (such as L-PLA) refers to a stereoisomer i e the 
levorotatory form of the compound in the respect of plane polarised light; 

j) the prefix "DL" of a compound (such as DL-PLG and DL-PLA) refers to 

another stereoisomer i e the racemic form that is not optically active in the 

respect of plane polarised light; 
k) the term "w/v" refers to a weight percentage of a substance dissolved or 

dispersed in a liquid in terms of the volume thereof; and 
1) the term "w/w" refers to a weight percentage of a substance dissolved or 

dispersed in a liquid in terms of the weight thereof; and 
m) the term "codisperse" refers to the simultaneous dispersion of two liquids. 



The invention is now illuminated by means of the following Examples, which only 
illustrates the invention and do not limit the scope thereof. 
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EXAMPLES 
Materials and methods 

DL-PLG is poly-DL-lactic glycolic acid, DL-PLA is poly-DL-lactic acid, and L- 
PLA is poly-L-lactic acid. They are all biodegradable polyesters, DL-PLG and DL- 
PLA being copolymers and L-PLA being a homopolymer. DL-PLG, DL-PLA, and 
L-PLA were purchased from Birmingham Polymers Inc., USA. Lysozyme from 
chicken egg white, hydrocortisone, and urease were purchased from Sigma, USA. 

Example 1 

Particles were prepared from the polymer DL-PLG (50:50) that is amorphous. A 
2.3% (w/v) solution of the polymer in a mixture of organic solvents (acetone: ethyl 
acetate: isopropanol, volume fraction 4:5.6:0.4) has been dispersed by means of N 2 
as SCF-D. C0 2 was used as SCF-E. The polymer solution flow was 0.13 ml per 
minute and the SCF-D flow was 12 litres per minute (in a supercritical state). The 
SCL-E flow was 21 ml per minute (in a liquid state). 

The chosen nozzle opening was 0.2 mm. The pressure was 130 and 160 bars, 
respectively, and the temperature was 38°C and was kept constant during the 
process. 

The particles were discrete and had an almost spherical form (Figure 2). The 
particle size distributions were relatively narrow (Table I). 

Example 2 

Particles were prepared from the polymer DL-PLA that is semi-crystalline. A 2.3% 
(w/v) solution of the polymer in a mixture of organic solvents (acetone: ethyl 
acetate: hexane, volume fraction 1:7.8:1.2) has been dispersed by means of N 2 as 
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SCF-D. C0 2 was used as SCF-E. The polymer solution flow was 0.15 ml per 
minute and the SCF-D flow was 12 litres per minute (in a supercritical state). The 
SCF-E flow was 21 ml per minute (in a liquid state). 

The chosen nozzle opening was 0.2 mm. The pressure was 130 and 160 bars, 
respectively, and the temperature was 35°C and was kept constant during the 
process. 



mean 



The particles were discrete and had an almost spherical form (Figure 3). The 
particle size was approximately 10 jam that was independent of the pressure (Table 
I). 



Example 3 



Particles were prepared from the crystalline polymer L-PLA. A 2.3% (w/v) solution 
of the polymer in a mixture of organic solvents (methylene chloride: acetone: 
isopropanol, volume fraction 3.3:6.5:0.2) has been dispersed by means of N 2 as 
SCF-D. C0 2 was used as SCF-E. The polymer solution flow was 0.15 ml per 
minute and the SCF-D flow was 12 litres per minute (in a supercritical state). The 
SCF-E flow was 2 1 ml per minute (in a liquid state). 

The chosen nozzle opening was 0.2 mm. The pressure was 130 and 160 bars, 
respectively, and the temperature was 40°C and was kept constant during the 
process. 



mean 



The particles were discrete and had an almost spherical form (Figure 4). The 
particle size was approximately 7 jam that was independent of the pressure (Table 
I). 



Table I: 
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The particle size distribution from particles prepared by the method according to the 
invention 



— ■ ■ 

Diameter 3 (j4.m) of microparticles 


Pressure (bars) 


130 


160 


Polymer, T (°C) 


10% 


50% 


90% 


10% 


50% 


90% 


DL-PLG (0,78) b , 38°C 


2.8 


5.6 


10.7 


3.1(0.1) 


8(2) 


38(30) 


DL-PLA, 35°C 


3.9 


9.9 


26.3 


3.8(0.0) 


10.2(0.4) 


55(29) 


L-PLA, 40°C 


2.5(0.2) 


7(2) 


24(12) 


2.4 


7.9 


37.7 



a The standard error within parentheses is based on measurements from three batches 
b Inherent viscosity 



Example 4 

The invention has also been shown to be useful in incorporation of active 
substances (medical or chemical ones) in another substance. Examples from such an 
experiment are particles prepared from DL-PLG (50:50) with incorporated 
hydrocortisone. A 2.3% (w/v) polymer and 0. 12 % (w/v) hydrocortisone solution in 
a mixture of organic solvents (acetone: ethyl acetate: isopropanol, volume fraction 
4.15: 4.85: 1.0) has been dispersed by means of N 2 as SCF-D. C0 2 was used as 
SCF-E. The polymer solution flow was 0. 15 ml per minute and the SCF-D flow was 
12 litres per minute (in a supercritical state). The SCF-E flow was 21 ml per minute 
(in a liquid state). The chosen nozzle opening was 0.2 mm. The pressure was 135 
bars and the temperature was 38°C and was kept constant during the process. 

The particles were discrete and the mean particle size was approximately 9 jam 
(Figure 5). 51 % of the added amount of hydrocortisone was incorporated in the 
polymer particles (Table II). 
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Table II: volumetric particle size distribution and the relative amount of 
incorporated hydrocortisone (he) and urease (u) in regard of the added amount of 
the two substances for DL-PLG particles. 



Substance, 
Pressure (bars)/ 
Temperature 
(°C) 


Diameter 8 (um) of microparticles 


% EE b 

• 




10% 


50% 


90% 




he, 135/38 


3(0) 


9(1) 


30(8) 


51(3) 


u, 160/38 


3(0) 


6(1) 


~18(4) 


46(3) 



The standard error within parentheses is based on measurements from three 
batches. b The entrapment efficiency, EE, is the fraction of the substance which was 
incorporated of the added amount of substance to the process. 



Example 5 



Lysozyme microparticles were prepared by dispersion of lysozyme in a mixture of 
0.001 M HC1 and ethanol (volume fraction 9.1:0.9) in supercritical C0 2 as SCF-E 
by using N 2 as SCL-D. The lysozyme concentration was 14.6% (w/w). The protein 
solution flow rate was 0.02 ml per minute, with a N 2 and C0 2 flow rate of 8 
standard litres per minute (in a supercritical state) and 21 ml per minute (in a liquid 
state), respectively. The process pressure was 155 bars and the process temperature 
was 40°C. The nozzle orifice was 0.2 mm. 



The lysozyme particles obtained were discrete and had a volumetric particle 
from 1 to 5 jun (see Fig. 6). 
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Hydrocortisone was dissolved in a mixture of acetone and ethanol (7.5:2.5). The 
hydrocortisone concentration was 12.8% (w/w). The solution was dispersed in 
5 supercritical C0 2 as SCF-E by using N 2 as SCF-D. The flow rate of the 

hydrocortisone solution, N 2 , and C0 2 was 0.152 ml per minute, 12 standard litres 
per minute (in a supercritical state), and 2 1 ml per minute (in a liquid state), 
respectively. The process pressure was 130 bars and the process temperature was 
40°C. The nozzle orifice was 0.2 mm. 

10 

The hydrocortisone particles obtained were a mixture of discrete irregular and 
needle-shaped particles with a particle size from 1 to 5 fjm (see Fig. 7). 

Example 7 

15 

The invention has also been shown to be useful in incorporation of active 
substances (medical or chemical ones) in another substance. Another example from 
such an experiment are particles prepared from DL-PLG (50:50) with incorporated 
urease. A 2.3% (w/v) polymer and a 0.12% (w/v) urease solution in a mixture of 

20 organic solvents (acetone: ethyl acetate: isopropanol, volume fraction 4.15: 4.85: 
1.0) and water respectively were codispersed by means of N 2 as SCF-D. C0 2 was 
used as SCF-E. The polymer solution flow was 0. 15 ml per minute and the SCF-D 
flow was 12 litres per minute (in a supercritical state). The SCF-E flow was 21 ml 
per minute (in a liquid state). The chosen nozzle opening was 0.2 mm. The pressure 

25 was 160 bars and the temperature was 38°C and was kept constant during the 
process. 

The particles were discrete and spherical. The mean particle size was 6 \im (Figure 
8). 46% of the added amount of urease was incorporated in the polymer particles 
30 (Table II). Furthermore, 60% of the urease was released, in vitro, from the 
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microparticles during one month. The enzymatic activity of the released urease 
from the microparticles was 82 ± 4 (s.d.) %. 
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Claims 

1 . A method for the preparation of particles comprising the following steps: 

(i) the dispersion, with a first supercritical fluid (SCF-D) of a substance liquid 
comprising a mixture of, at least, one substance of which particles are to be 
prepared, and a liquid carrier medium; and 

(ii) the subsequent extraction, with another supercritical fluid (SCF-E), after the 
dispersion of the substance liquid, of the liquid carrier medium. 

2. A method according to claim 1, wherein the dispersion takes place in a nozzle 
spraying the dispersed mixture in a reaction vessel, the pressure and temperature 
of which is controlled leading to a supercritical state in the reaction vessel. 

3. A method according to claims 1-2, wherein the extraction takes place inside the 
reaction vessel. 

4. A method according to claims 1-3, wherein the first supercritical fluid has the 
lowest possible extraction capacity for the carrier medium and wherein the other 
supercritical fluid has the highest possible extraction capacity for the carrier 
medium. 

5. A method according to any of the preceding claims, wherein the supercritical 
state is maintained inside the reaction vessel during the whole method. 

6. A method according to any of the preceding claims, wherein the first 
supercritical fluid (SCF-D) has lower critical parameters than the second 
supercritical fluid (SCF-E). 
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7. A method according to any of the preceding claims, wherein the first 

supercritical fluid (SCF-D) is N 2 and the second supercritical fluid (SCF-E) 



is 



CO,. 



8. A method according to any of the preceding claims, wherein the substance(s), of 
which the particles are prepared, are amorphous, semi-crystalline or crystalline. 

9. A method according to any of the preceding claims, wherein the substance(s) 
is/are synthetical or natural polymers, solid organic substances, solid inorganic 
substances, salts, biomolecules such as proteins e g enzymes. 

10. A method according to any of the preceding claims, wherein the liquid carrier 
medium is a solvent or a dispersing agent, or mixtures of one or more solvents 
or dispersing agents. 



1 1 . A method according to any of the preceding claims, wherein the carrier medium 
is chosen from water, lower ketones such as acetone, lower hydrocarbons such 
as hexane, lower alcohols such as methanol, ethanol, isopropanol, ethyl acetate, 
or mixtures thereof. 



12. An apparatus for the preparation of particles, comprising. 

a particle formation reactor (2), the pressure and temperature of which are 
controllable; 



a means (18, 2) in order to deliver to the apparatus a substance liquid comprising 

a) at least one substance of which the particles are to be prepared, and 

b) a liquid carrier medium for the substance; 



a dispersing means (17) for the dispersion of the substance liquid and for the 
feeding of the dispersed substance liquid to the particle formation reactor (2); 
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a first feeding means (22, 17) for the feeding of a first supercritical fluid (SCF-D), 
with a minimal extraction capacity for the liquid carrier medium, to the dispersing 
means; and 

a second, separately located, feeding means (12, 6) for the delivery into the particle 
formation reactor (2) of a second supercritical fluid (SCF-E) with a maximal 
extraction capacity for the liquid carrier medium, wherein the second supercritical 
liquid is introduced in the particle formation reactor (2) through a separate 
introduction channel. 

13 . An apparatus according to claim 12, wherein the dispersing means comprises a 
nozzle (17) with separate delivery channels for the substance liquid and the first 
supercritical fluid (SCF-D), respectively. 

14. An apparatus according to claim 13, wherein the delivery channels are designed 
as a coaxial spray nozzle. 

15. An apparatus according to any of the claims 12-14, comprising a first outlet 
channel placed in the upper part of the reaction vessel and a second outlet 
channel placed in the lower part of the reaction vessel. 

16. An apparatus according to claim 15, wherein the outlet channels are provided 
with filters (26, 28). 

17. An apparatus according to any of the claims 12-16, wherein the reaction vessel 
is a high pressure chamber and is provided with a thermostat and a pressure 
regulator. 

18. Particles prepared by the method according to any of the claims 1-11, 
comprising one or more pure or mixed substances. 
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19. Particles according to claim 18, wherein the particles comprise one or more 
substances incorporated in one or several other substances. 

20. Particles according to claim 18 or 19, comprising substances having activity as 
pharmaceuticals. 
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